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Abstract 
A landscape provides key livelihood resources for people such as agriculture, forestry, fisheries, extractive industries, and other 
productive land uses. It is the space in which dynamic and evolving nature-human interactions occur. Hence, understanding 
different functions and processes in a landscape becomes vital for poverty alleviation as well as sustainable management of 
natural resources. In our study to understand the landscape changes of North Sulawesi, the second richest province in Indonesia, 
we use a landscape approach to understand the connections between human livelihoods and environment. We studied five 
villages using Participatory Rural Assessments tools, consolidated questionnaires, formal and informal interviews of various 
stakeholders, GIS-based participatory mapping and in-the-field observations as well as secondary sources. We find natural 
hazards, climate variability, accessibility, extractive industries, food security and water scarcity are interlinked as big drivers of 
change in the landscape.  Decision makers must consider them together to ensure community prosperity. 
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1. Introduction 
Landscapes have various definitions. They are based on different theories that have evolved over centuries. Often, 
people and society have been excluded from such consideration and this has resulted in conservation failures [1]. Yet, 
many studies have recognized the important role of human decisions in landscape change [2].  
Hence, understanding development and dynamics at landscape scale has been seen as a bridge to accommodate 
and assist natural resource managers, policy-makers, planners and local communities to explore options for 
sustainable development [3, 4]. Landscape dynamics refers to a process of landscape evolution and involves tracing 
the relationship between humankind and natural environment [5]. A landscape provides key livelihood resources for 
people such as agriculture, forestry, fisheries, extractive industries, and other productive land uses. It is the space in 
which dynamic and evolving nature-human interactions occur. Survey analysis is a basic method used in landscape 
studies and is widely recognized as a beneficial activity in addressing economic and social development [6].  
In this North Sulawesi (Indonesia) development study, we use “landscape approaches” to provide tools and 
concepts for allocating and managing land to achieve social, economic, and environmental objectives in areas where 
human based land uses compete with conservation goals [1]. We assess the physical features of the land and their 
interaction or interdependences relating to human condition. The purpose of this study is to understand the various 
functions, processes, and complexities in a landscape contributing to poverty alleviation, livelihood improvement, 
and environmental services. Subsequently, we used these as the basis for a framework of landscape planning, design 
and management which could begin to anticipate and resolve the adverse impacts of change [5]. 
2. Methods 
We studied five villages (Kinali, Laingpatehi, Mawali, Batu Putih Atas, and Tatelu) in the North Sulawesi 
Landscape. Two are located on small islands while three others are located on the mainland (Fig. 1). This enabled us 
to compare villages configured differently in the landscape. We used Participatory Rural Assessments tools, 
consolidated questionnaires, formal and informal interviews of various stakeholders, GIS-based participatory 
mapping, in situ observations, and secondary data. We used focus group discussions and household questionnaires to 
identify and discuss the important components in the landscape, the trajectory of change, and the main challenges [7] 
We then used visualization techniques, creating various landscape scenarios [8]. The combined use of questionnaires 
and focus group discussion helped identify trends and illuminated key landscape themes [9]. Visualisation 
techniques facilitated the exploration of the information. The resultant scenarios and perception data provide 
evidence for us and for local people to confront conservation and development trade-offs. These included the 
perspectives of the current and future landscape [10]. These techniques complemented the GIS based maps that have 
been widely used by resources managers as the primary tool for preparing and communicating their plans [11]. 
3. Results 
Several studies have revealed that climate, water sources, geology and soils, topography, the living content of the 
landscape, scenic qualities and visual landscape characteristics, features of special scientific or cultural significance, 
as well as the effects of human interventions on these variables, are involved in landscape processes [6]. Thus, this 
study found that natural hazards, climate variability, human migration, and infrastructure development have been the 
main drivers of change in the landscape of North Sulawesi (Fig. 2). In this landscape, the drivers of change at each 
village show similar patterns, but have different local impacts. It shows villages within or close to the mainlands are 
more prosperous than those on small islands. The distance to cities affects the prosperity of the people. The 
landscape provides different functions and processes in each village we visited.  
Antrop [12] suggests that at least four questions should be considered in order to study change: change of what, 
frequency of change, magnitude of change and reference time base used. Figure 2 describes the development of the 
landscape from early 1990 to 2013 based on local knowledge and secondary data from four of our five villages.  
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3.1. Natural Hazards 
 
Geomorphology was revealed as one of the most important factors influencing landscape development [4]. As a 
unique and poorly known tectonic structure, the Philippine-northeast Indonesian region lies at the intersection of 
four major lithospheric plates: the Southeast Asian, Philippine Sea, Caroline (Pacific), and Indian-Australian[13]. 
The resulting subduction zone has dominated the Neogene tectonics of the Philippine-northeast Indonesian region 
which has high rates of volcanism, earthquakes, and mountain building. In our study location, there are three active 
volcanoes (Karangetan, Ruang, and Tangkoko) and two inactive but morphologically young volcanic centres 
(Duasaudara and Klabat) [14].  
It has been confirmed that the volcanic Mount Karangetan (1762 m asl) erupted 19 times between 1675 to 2013 
[15]. The active volcano of Ruang (722 m asl) last erupted in 2002. Mount Tangkoko (1149 m asl) is one of four 
active volcanoes on the northeast tip of Sulawesi and last erupted in 1880. Figure 2 shows the location and the 
eruption history of these active volcanoes since 1960. 
This has enormous impacts on the landscape and its people. It is evident, from our observations, participatory 
activities, and locally reported knowledge, that the benefits of the volcano outweigh the threats to the people and 
volcanic activity greatly improves the productivity of the land.  The soil quality on Siau Island is much better than on 
other small islands and this has positively affected livelihoods by sustaining a profitable agroforestry industry. In 
Kinali village, the majority people derive their livelihoods from the planting and harvesting of good quality nutmeg.  
Fig. 1. Study location in North Sulawesi Landscape 
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They have become major world suppliers of, allegedly, the highest quality nutmeg available. They attribute this to 
their close proximity to the peak of the volcano. 
 
 
In contrast, volcanic activity on Ruang has been a source of great hardship for the people and the productivity of 
their environment. A major eruption on Mount Ruang devastated the village and degraded the soil in 2002. All the 
people on Ruang Island were evacuated to adjacent island of Tagulandang. They returned three years later and 
began redeveloping their village after a period of social suffering. It is evident, from villager reports and our 
observations, that the soil quality has been greatly degraded. What was soil is now a deep gravely impenetrable layer 
of rock substrate. Yet these hardships have been a source of innovation, enabled by the interlinked capacity and 
social cohesion of the villagers. The productive fishing near the island outweighs the hazardous living conditions 
and people have diversified their livelihoods as a response [16].  
Other natural hazards such as earthquakes, landslides, and floods, have contributed significantly in shaping the 
landscape. The majority of villages located in coastal regions are vulnerable to coastal erosion. Batu Putih Atas and 
Mawali villages, located within or close to the mainland, have also been affected by floods, landslides, and 
earthquakes. 
3.1.1. Climate variability 
Crop production in the tropics is subject to considerably climate variability caused by the El Nino-Southern 
Oscillation (ENSO) phenomenon. This variability is likely to become even more pronounced during the twenty first 
Fig. 2. Historical time line for the four villages in North Sulawesi Landscape 
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century [17]. El Niño years which are associated with comparatively dry conditions occurred four times between 
1973 and 1992  and have devastated the crop production in two major rice growing areas in Indonesia [17]. Droughts 
across the landscape have occurred several times according to local people (Fig. 2) and they have affected all the 
villages we visited. Droughts have enormous impacts on the people who rely on crop production. Consequently, 
climate variability resulting in abnormal droughts further compounded the soil infertility, especially in Ruang and 
Tagulandang Island. This has left the flora very vulnerable to bush fires. Subsequently, livelihood occupations 
shifted from farming to fishing. The impacts of droughts are very significant to the people who live in small islands 
where agriculture is the only source of their livelihood. In addition, the capacity of the people on Small Islands must 
cope with these conditions with less infrastructure and investment than mainland villages. 
3.1.2. Human migration 
Researchers have proposed that migration, as part of population and environmental interactions, provides a 
response to environmental change [18]. Often, people migrate to extract minerals, to escape local conflicts and 
natural calamities, to better their livelihoods.  This is evident in our villages we visited. The evidence shows that in 
early 60s, there were ethnic conflicts in many parts of Indonesia that caused people to move to safer places. In 
addition, the occurrences of natural calamities such as the eruption of Mount Ruang have displaced the people in 
Laingpatehi village to nearby islands. People report that they mostly move for economic and social reasons. For 
example, some moved from the Bolaan Mongondong District to Tatelu Village to exploit gold.  
3.1.3. Infrastructure development 
The very frequent volcanic eruptions of Mount Karangetan on Siau Island brought a significant benefit for 
infrastructure development on the island. Even though, Siau Island is the furthest island in Sitaro District from the 
mainland; they have better infrastructure than other small islands in the District of Sitaro. The materials for the 
infrastructure such as rocks and sands are abundant and available to use for infrastructure development. In addition, 
sand and rock mining have significant value as income sources for local livelihoods in Siau Island.  
On the contrary, sand and rock mining has recently developed into a ‘wicked problem’ in the neighbouring island. 
The Tagulandang Island has no rock to mine, so they send boats and miners to the coast of Ruang as Mount Ruang 
provides these materials from recent eruptions. The people from Tagulandang Island come to Ruang Island to extract 
rock and sand which they then use for the physical development of the rapidly growing city across the strait of 
Tagulandang. This has become a major issue that creates conflict between people on both islands. Moreover, 
distance to market has meant that the remaining crop products such as coconut are processed and consumed locally 
and are therefore not a substantial source of income for the island.  
On the Mainland of North Sulawesi, infrastructure and economic development such as major road constructions, 
big industry growth, and population pressure are considered to be the most important keys to landscape change. On 
the other hand, water scarcity and lack of investment for basic infrastructure such as electricity, schools, and 
healthcare centres are the main inhibitors of the development in small islands.  
3.2. Current and Future Landscape Scenarios 
Based on our study in five sentinel sites, local people expect similar patterns of landscape change in the future.  
Natural disasters and an unpredictable climate will remain the main drivers of change in this landscape. Improved 
infrastructure such as wells, desalinisation plants, more houses, farms, and fishing boats will enhance local capacity 
to manage threats especially for those who live on small islands. From the data obtained, it can be concluded that the 
rate of infrastructure development is greatly influenced by the proximity of the location to the mainland, and 
especially the main city where the government offices are located (Figure 3 & 4). As consequences, this attracts 
people from small islands or other remote places to move to the mainland for a better life. 
Figure 3 and Figure 4 show both similarity and dissimilarity between two villages in different location in the 
landscape of North Sulawesi that we gathered from participatory mapping and group discussions with local 
stakeholders. Laengpatehi village which is located in small island of Ruang has population around 518 and mostly 
rely on fishing (50% working as fishermen) and coconut farms for their livelihood. Based on the current map of the 
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village, villagers in Laingpatehi were asked to draw their expectation and plan of what will happen in the village 
(Fig. 3). 
 
 
The village at the moment still has a low population and is under-developed since the reestablishment of the 
village after the major volcanic eruption in 2002. The villagers expect new roads across the villages and new houses 
on the main roads of the island in line with the current rate of economic development of the island. Pathways from 
houses to farms are expected to be improved to pave the way for the transport of agricultural products. On the slopes 
of the volcano, there is a possibility to set up new farms of coconut and peanuts. The village has proposed to the 
government the construction of a 350 metre long sea wall in order to protect themselves from coastal erosion, 
catalysed by the mining activities in the North. There are plans to build a new jetty to increase the accessibility for 
boats. To attract more tourists, hiking tracks are expected to be constructed up to Mount Ruang. Generally, the major 
expectations of the villagers of Laingpatehi, are increased infrastructure, agriculture expansion, tourism development, 
improved accessibility, coupled with enhanced protection against coastal erosion which is presently a serious threat 
to the village. 
Batu Putih Atas village is located in the North East of the mainland and has a higher population than Laingpatehi 
with around 2047 people and has more employment options for villagers (Fig.4). Even though 40% of the population 
still work as fishermen, 30% work as wage labourers in nearby tuna caning companies. We conducted mapping 
exercises with local stakeholders, including members of local government, the SIBAT (local red-cross extension 
workers), and other available community members. Participants drew their envisioned best future scenario. More 
fishing vessels will provide more income to more people, as the most prosperous activities in the village are pajeko 
(large family owned fishing boats) style fishing practices.  A sea wall is desired in order to reduce the threats posed 
by large waves. More trees will provide protection in landslide prone areas to the southwest. Copra warehouses will 
Fig. 3. Present and Future Landscape scenario in Laengpatehi village 
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enable better storage for community management and better bargaining rights. A Marine Protected Area will 
encourage people to think about the sustainability of their fishery practices. There will also be a future engagement 
with tourism in the nearby Tangkoko National Park as well as other tourism opportunities. In general the people 
perceive a future of enhanced natural capital and protection from natural hazards. 
 
 
The two villages share different current and future scenarios of their landscape. This highlights the fact that the 
North Sulawesi landscape has shaped different livelihoods for local communities. They are contextual to the 
biophysical features and are shaped by the agents of behaviour. Based on our sample villages, the landscape of North 
Sulawesi provides different kind of jobs, but more of these jobs are offered in the mainland due to more wage-labour 
opportunities and better infrastructure which allows access to the capital city of North Sulawesi and other big cities. 
In contrast, people on small islands mainly rely on farming or fishing for their daily needs. However, due to the 
profitability and reliability of both supply and demand, people in coastal areas of the mainland still derive their 
livelihoods from fishing. In this landscape, fishing provides more income than farming (Fig. 4).  
Farming is seen as a less favourable job in this landscape. Young people in small islands tend to move to cities or 
to the mainland for better job opportunities. This leaves an older generation farming, which often pays very little. 
Most of the young people prefer working in the city or in other paid jobs as government officers, factory workers, 
sailors, or fishermen. This trend may present a problem to food security in the future. Our data indicates the reasons 
young people desire other jobs include laziness, a desire to work and study in cities, the profitability of fishing or 
mariner work, land pressure, and lack of farming knowledge transfer.  
Figure 5 highlights the variability of jobs and approximate income per occupation in this landscape. The highest 
and more variable income is available from small scale gold mining activities in Tatelu, the fifth village we visited 
for our landscape study. Based on Figure 5, it is predicted that mining and fishing activities will attract more people 
Fig. 4. Present and future landscape scenarion in Batu Putih Atas village (mainland) 
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in the future due to the better income it provides. Furthermore, these activities do not require higher education or 
specialized skills. People engaged in mining activities have highly variable education levels, from primary up to 
tertiary education. Our data suggests that the profitability of small scale gold mining attracts people from other 
occupations that may see this as “low hanging fruit” in a job-competitive market. Hence, it was identified that due to 
the multiple skills that a lot of the miners possess, any slump in small scale mining would not egregiously affect 
them as they can revert to other occupations; this indicates resilience as a result of having adaptive capacity. 
 
 
 
 
Fig. 5. Occupation and income distribution based on consolidated questionnaires 
As people closer to the mainland and political and economic centres, (in this case, the city's of Manado and 
Bitung) are shown to be more prosperous, i.e. people have more assets and opportunity, a priori we would expect 
communities to be more marginal at the landscape periphery.  However, Rampengan et al. [16] found that the 
marginalization vulnerability nexus can be offset by capacity and social cohesion.  We do not discount sources of 
strength and innovation brought by natural hazards, geomorphology, and other biophysical aspects as they bring 
diversified livelihoods to small islands and communities on the periphery of the landscape.  Rather, we think this 
further demonstrates our argument that landscapes are appropriate scales at which development can best be 
conceptualized, studied, and managed for human and environmental wins. In this case, the institutions operating at 
the landscape scale are better situated to provide beneficial development outcomes as they have been shown to 
intervene in ways that are more contextual and beneficial than higher levels of governance or external development 
bodies.  
4. Conclusion 
The relationship between people and their environment in North Sulawesi Landscapes is not homogenous. The 
North Sulawesi Landscape provides different function for different communities who live in different locations 
across the North Sulawesi landscape. Natural hazards and an unpredictable climate are considered to be the main 
drivers of change in small islands, while economic development and population pressure in the mainland has shaped 
the landscape. Infrastructure development occurs quicker in a village close to or within the mainland, or capital city. 
There is a big challenge in meeting food security in the future due to the decreasing number of people working on 
farms. Fortunately, all these drivers of change in North Sulawesi Landscape could be communicated and drawn in 
GIS based community mapping. Trade-offs between different interests among stakeholders is shown on the map. 
Therefore the utility of such maps is to enable stakeholders to manage the natural resources for the sake of the 
people without causing undue harm to the environtment.  
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